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Abstract 
The duality agricultural production and environmental preservation is a consequence of the growth of the world 
population and globalization. On the one hand, there is the need for food production; on the other hand, there is the need 
to preserve the environment. Of the existing Biomes in Brazil, the Cerrado is the most affected by these two factors. This 
biome has been intensively explored with mechanized farming practices since the 70's, particularly grain cultivation. 
Common in the South, Southeast and Midwest of the country, this agricultural practice has reached the Brazilian 
Northeast. The State of Piauí ranks third in this region. Therefore, this research aims to conduct a temporal analysis (1984-
2009) the advancement of intensive farming in the Cerrado Piauí using satellite images. The results showed that the area 
intended for agricultural purposes has increased by 262.91%. This study corroborates government actions aimed to 
promote the efficient use of the land and preserve the biotic resources of the forest. 
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1. Introduction 
Brazil stands out in the international scenery as a major producer of grains, especially due to the favorable 
climate and soils and the large amount of land available for cultivation (Matos, 2006). Soy is the most 
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important crop, followed by corn and rice. The three cultures account for 81.3% of the growing area in Brazil. 
57.20 million tons of soy, with an average yield of 2941 kg/ha (EMBRAPA, 2010; IBGE, 2010; CONAB, 
2010) were produced in the 2008/2009 crop. The Northeast region of the country accounted for 9% of the 
Brazilian production in the 2008/2009 crop (CONAB, 2010). The area in the Northeast region (last 
agricultural frontier) for grain production is basically composed of Cerrado vegetation. 
Cerrado is the second most extensive plant formation in Brazil. This biome is characterized by the 
occurrence of two well-defined seasons: dry winter and rainy summer. Typical features of the Cerrado include: 
tropical savannah vegetation, sparse shrubs and grasses, vegetation formation forest, soils deficient in 
nutrients and rich in iron and aluminum; reliefs with a predominance of large plateaus and watersheds, 
especially groundwater (LEMES et al., 2008; EMATER, 2009). Currently approximately 20% of the 204 
million hectares of the Brazilian Cerrado remain in their original status (Figure 1a). Brazil is the country that 
has undergone the most significant environmental changes caused by human occupation and mechanized 
agriculture (EMATER, 2009). Less than 2% of the area of this biome is protected in parks or reserves. 
 
( a ) 
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( b ) 
Figure 1 – Original area of the Brazilian Cerrado (a) and study area in the year 1984 (b). 
The Cerrado piauiense covers an area of approximately 93000 km ². It has a unique and rich diversity in 
flora and fauna and rich subsoil aquifers. The desertification phenomenon occurs especially at the southern 
part of the region, which is very sensitive to human disturbance. In the 90’s the use of mechanized agriculture 
starts there, with the cultivation of soy, corn, rice, beans and cotton. The region favors agricultural expansion 
due to the stable climate and relief composed of large plateaus (AGUIAR and MONTEIRO, 2005; EMATER, 
2009; FUNAGUAS, 2009; REYDON and MONTEIRO, 2009). 
Given the duality increasing agricultural production and environmental conservation of the Cerrado, it is 
important to quantify the increase in the exploration of this biome. When it comes to the study of large areas, 
remote sensing has been a useful tool because of its relatively low cost (GONZALEZ and WOODS, 2000; 
LILLESAND and KIEFER, 1994; RICHARDS and JIA, 1999). Therefore, the present study aims to analyze 
changes in mean canopy cover of the Cerrado piauiense, especially the areas explored by intensive agriculture, 
using a temporary series of digital images. 
2. Materials and Method 
The study area (23673.206 km2) is located in the South/Southwest regions of Piauí (rectangle in Figure 1b), 
which concentrates the Cerrado exploitation for agricultural purposes in that State. The economy of the region 
is based on the cultivation of agricultural grains. Relief in this area is tabular formations, surrounded by steep 
scarps. In general, the land structure is predominantly large farms. The UTM coordinates (Datum: WGS84 
54   Claudionor Ribeiro da Silva et al. /  IERI Procedia  5 ( 2013 )  51 – 58 
 
and Central Meridian: 45o) of the central point of study area (Figure 1b) are: E = 517865,000 and N = 
9042370,000. 
The study area (23673.206 km2) is located in the South/Southwest regions of Piauí (rectangle in Figure 1b), 
which concentrates the Cerrado exploitation for agricultural purposes in that State. The economy of the region 
is based on grain cultivation. The relief in this region is tabular formation surrounded by steep scarps. In 
general, the land structure is predominantly composed of large farms. The UTM coordinates (Datum: WGS84 
and Central Meridian: 45o) of the central point of the study area (Figure 1b) are: E = 517865,000 and N = 
9042370,000. 
Landsat TM images 5 (Land Remote Sensing Satellite) were used, as illustrated in Figure 1b. These images 
have a spatial resolution of 30 meters and spectral resolution for wavelengths from 0.52-0.60 μm (green), 
0.63-0.69 μm (red), and 0.76-0.90 μm (near infrared). The set of images used consists of 26 pictures of years 
1984-2009, with one picture for each year. Data was obtained free at INPE (National Institute for Space 
Research). 
The SRTM data (Shuttle Radar Topography Mission) is a data source that generates a Digital Elevation 
Model (DEM) that represents a form of relief. Data was generated in two sets with spatial resolution of 30 
(1"x1") and 90 (3"x3") meters. Data with resolution of 90 meters is available free at NASA, in files whose 
coverage in surface of the Earth is 1°x1° (GONCALVES et al., 2005). 
Specific routines gvSIG 1.11, ENVI 4.8 software, and routines developed in Matlab 2012 were used. 
2.1. Method 
In regions formed by high plateaus, identification/extraction of drainage can be quickly and efficiently 
performed using a clustering algorithm. The clustering algorithms classify an image into "n" different classes, 
seeking maximum intraclass homogeneity. Clustering is an automatic process similar to unsupervised 
classification. It is should be provided only the quantity "n" of desired classes. The final product is an image 
with digital values ranging from 1 to n. An example of this type of algorithm is implemented in software 
gvSIG 1.11. Starting the clustering a drainage network can be detected by selecting classes corresponding to 
this feature, forming a binary image. All classes corresponding to the drainage network are labeled with the 
digital value equal to 0 (dark region) and the remaining classes with digital values equal to 1 (bright area), 
representing the plateaus. 
 Normalized Difference Vegetation Index (NDVI) is processed by the ratio between the difference and sum 
of the spectral bands of red (R) and Near Infrared (NIR): NDVI = (NIR - R) / (NIR + R). A vegetation class 
can be defined in NDVI image based on a threshold T, which is usually determined empirically. NDVI index 
values higher than T are classified as vegetation and the lower values were labeled as non-vegetation. This 
procedure can be developed in MatLab environment. 
In Maximum Likelihood estimation (MaxVer) each class is determined by Gaussian and Multivariate class 
model that describes the distribution of classes in a space that contains attributes. Maxver is commonly used 
in supervised classification procedures because of the reliability of its results. This method is implemented in 
several commercial software products, such as the ENVI 4.8. 
3. Results and Discussion 
Prior to the presentation of the results, it is worth mentioning some preprocessing and restrictions, as 
follows: a) the records of the set of images and the MDE are based on the picture for year 2009. This task was 
accomplished in software ENVI 4.8 having maximum error (RMS - Root Mean Square) smaller than the 
width of one measurement pixel. b) SRTM data (MDE) was assembled in a mosaic covering the entire area of 
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interest (study area). The MDE produced from these data was resampled/interpolated to the same resolution 
Landsat 5/TM images, with 30 m2. c); the number of classes used in the identification and elimination phase 
(clustering) network drainage was set empirically in 15 classes (n = 15). In clustering all pixels belonging to 
classes 1 to 11 were labeled drain (black) and others like plateau (white), as shown in Figure 2a. The plateaus 
were represented by fewer classes due to homogeneity (same height), but all classes occupy large areas. 
 
( a ) 
 
( b ) 
Figure 2 – a) Binary image representing the study area, and b) Classified image (year 1984). 
The calculation of the NDVI and image classification are conducted after drainage network removal in 
order to reduce the processing time and spectral confusion. The elimination of the drainage network does not 
affect the results since the areas of interest are the plateaus. This task was accomplished by multiplying the 
Vegetation/Cerrado 
Soil/Soy Plots
Burned/Fires 
Drainage/Watershed 
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digital images (eg. Fig 1b) for the binary image (Figure 2a). 
The threshold T used to assess the vegetation NDVI image was defined as value T = 0.8. The classes 
defined for classification were: "Vegetation/Cerrado" (all classes belonging to some kind of vegetation), 
"Soil/Soy Plots" (corresponding to classes soil and soy plots), "Burned/Fires" (classes pertaining to Burned), 
and "Drainage/Watershed" (watershed drainages existent in study area). 
The soils exposed were found to merge with the soy plots (Figure 2b) because prior to planting the plots 
are equal to exposed soils. Therefore, these two classes cannot be treated differently. This confusion between 
the two classes did not interfere in the final results, since the object of study is the analysis of vegetation. 
The classification result showed value of the area of exposed soil (13216.061 km2) smaller than the value 
obtained by NDVI (13343.035 km2), a difference of approximately 1%. Considering the area covered by a 
pixel in the Landsat 5 (900.00 m2) and the large size of the study area (23,673.206 km2), this difference may 
not be significant. The graphs (Areas x Years: 1=1984, 2=1995 and so) obtained using the supervised 
classification are shown in Figure 3a. 
 
( a ) 
 
( b ) 
Figure 3 – Graphs (area x years): a) Supervised classification; and b) NDVI Labeling. 
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As it can be seen, the graph for the "Vegetation/Cerrado" class shows decrease, indicating the occurrence 
of deforestation over the years. Consequently, the graph for the "Soil/Soy Plots" class grows indicating an 
increase of 262.91% in the period analyzed. The “Drainage/Watershed” is constant, occupying an area of 
36.59% of the total study area. Because of the randomness of fire, the graph corresponding to the 
"Burning/Fire" class does not have a tendency, i.e., varies over time. The oscillations that occur in the graph 
for vegetation are mainly explained by the burned areas. 
It can be seen that the areas of “Burned/Fires” are more frequent in areas with vegetation, although they 
also occur in areas of “Soil/Soy Plots”, especially during preparation for planting. The high cliffs in the study 
area cause shading and these shaded areas are added to the Burned/Fire areas, because they are not of interest 
in this study. These shadows are found on the banks of the drainage network and are composed of pixels that 
were not recognized as "Drainage/ Watershed ". 
Other factors that may contribute to these oscillations are climatic variations and the desertification process, 
common in that region. In the dry season, the vegetation partially or completely loses the leaves, allowing 
electromagnetic radiation to reach the soil, reflecting the characteristics of the ground. Moreover, 
desertification causes the emergence of gullies, loss of vegetation, looking like bare soil. 
The change in canopy of Cerrado during the 1984-2009 period, compared to the same area in 1984 was 
21.13%, approximately 3000 km2.  As shown in the graph in Figure 2a there was a massive loss of vegetation 
(6.65%) in the 1984-1989 period. In the subsequent seven years (1989-1996), this loss stabilized and 
remained almost stable (only 2.61%). Deforestation level has been significant again in 1996-2007 (18.08%). 
During the three years analyzed (2007-2009) there was a sharp decrease and stabilization (0.08%).of 
deforestation. 
The results obtained with NDVI are similar to those obtained with the supervised classification. The graph 
class “Burned/Fire” shows the same peaks for the years 1985, 1988, 1998 and 2000. The “Soil/Soy Plots” is 
an increasing curve which indicates an increase of 299.70% in every analyzed period (1984-2009), increasing 
by approximately 14% compared with the area obtained in the classification method. The drainage system is 
not altered, as shown in Figure 3b. 
4. Conclusion 
The Brazilian Cerrado has been the most severely deforested biome in the last half century. Studies have 
shown a loss of approximately 50% of its original cover, which corresponds to one million square kilometers. 
This and related studies are useful tools for greater awareness of the ways to use the Earth. 
The study area covers only 25.45% of the Cerrado piauiense, and regardless of the method used, we found 
that nearly 3000 km2 of the original cover of this biome has been cleared between 1984 and 2009. The results 
also reveal that deforestation of the Cerrado tended to stabilize in the last triennium. This is a natural tendency 
toward a balanced environment, that is, a tendency to limit the size of the Cerrado areas, so that they are 
restricted to cultivation and to the maintenance of the Ecological Station Uruçuí-Una (EEUU) contained in 
this area. 
Both methods tested (supervised classification and NDVI) showed similar results for all the classes 
analyzed, including the variation in the canopy of the Cerrado. It is noteworthy that both methods, although 
presenting good results, are totally dependent on the quality of spectral images 
The findings of this research have brought important contributions, providing support for major 
government agencies such as the agency in charge of the EEUU (ICMBio). 
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